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\ ABSTRACT (C) 


The purpose of-eendueting. this test was to determine the functioning 
and spall characteristics of Shell, 90-mm, HEP, 114253 » Comp A3-loaded and 
fuzed with Fuze, BD, M91Al. The results include: impact photos, fuze 
functioning times, facial and spall area dimensions » S6pall velocity, spall 
weight, and spall kinetic energy for rounds fired at velocity levels of 
1000, 1700, and 2600 fps against fcour-inch armor plate, set at both 0° and 
60° obliquity. The conclusions are: /1) The T142E3, HEP shell, comp A3- 
loaded and fuzed with a BD, M91Al fuze is ineffective at velocity levels 
ot 2600 fpe against 0° plate and 1000 fps against 60° plate; (2) The 
T14263, HEP Sheli, comp A3-loaded and fuzed with a BD, MQ1Al fuze is most 
effective when fired at a velocity level of 1700 fps egisinst 0° plate. 

It is recommended that, development of the T142E3, HEP shell be continued 
in order to make it effective when fired at velocity levels of 2600 fps 
or above against 0° plate. , 
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CONFIDENTIA. 


1. (C) INTRODUCTION 


This tes. is one of a series which is being fired to gaiu information on 
the performarce and characteristics of rotated HEP ammunition. The 90-mm, 
T142E3, HEE she]l has been selected as the test vehicle for tnis series of 
tests. Prior vests in this serles have provided information on the metal 
parts configaurasion of tr+ shell at various degrees of "crush-up'" against 
armcr plate, seni the deceterrtion characteristics of the shell as it crushes 
up against armor plate. This test ts being fired for two reasons: first, 
tO investigate the functioning and spalling characteristics of the standard 
9O-mm, TL42E3, HEP shell, loaden with composition A3 and fuzed with a BD, 
MOLAl fuse; second, the resvlts of this test will provide a basis against 
Which the results of future firings of new designs of 90-mum, HEP shell can 
be compared. Two other tests in this series are being planned. They wiil 
deal with new methods of dete..c'ning the metal parts configuration of the 
shell] ut various degrees of crush-up. 


This repost contains ch: res.its of fuze Aanctioning time, spall size, 
weight, velocity, and kinetic cnergy, and size of facial impressicu3. Also 
contained in this report is same information about the impact cha actc2ristics 
of the shell. The rounds were rired at velocity levels of 1000, 1700, and 
2600 fps with the plate set at both 0° and 60° obliquity. 


2. (U) DESCRIPTION OF MATERIEL 


The shell uicc4 for this test were the standard 90-mm, T1‘2E3, HEP shell, 
loaded with composition A>. Most of the shell were fuzed with live, standard, 
BD, M91Al fuzes. However, to gain some insight into the problem of nose ini- 
tiation a few of the shell were fuzed with inert BD, M91Al fuzes. 


3. DETAILS OF TEST 


3.1 Method of Testing 


.C) Tais test covered the functioning end spell charact#ristics of 
the subject snell when fired at 4-inch armor plate at velocity levels of 
1000, 1700, and 2600 fps with the plate set at both 0° and 60° obliquity. 
Two inert-fuzed, live-loaded rounds were fired at each of the above condi- 
tions of velocity and plate obliquity. This was done in order to determine 
under what conditions the round could be functioned without a fuze. 


(C) Three cameras were used to obtain the desired information. (ne 
camera recorded the impoc* and detonation, another the fuze functioning time, 
and the third recorded the flight of the spall. The gun was fired through a 
T3 firing vox which started the cameras running but delayed the firing of the 
gun 60 that the caweras would be operating at full speed when the round reached 
the plate. 
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(C) The fuze functioning time setup was as fcllow,. A make circuit 
screen was set approximately one-half inch from th: f'ece of armor plate. Con- 
nected to this screen were two M36 detonators. ‘Tao i: ’ar’. that the nose of 
the shell pushed the screen into contact with the «.ra.: y ate a circuit was 
completed and the detonators were fired. This flash | ar recorded by the camera. 
The round then crushed-up and was detonated and the “et ination flash was also 
recorded by the camera. The camera contained a tir. ar Light which was continu- 
ously putting timing marks on the film every tent] o’ a millisecond. The func- 
tioning time was then determined by measuring the Jistance between flashes 
(detonators and detonatio. of the round) and cor, :rting this into time by using 
the timing marks as a tase (see Figure 8). Tw correction factors were then 
applied. They were th: inherent time delay 0” the detonators and the physical 
distance between the point of detonation of ‘ ue detonators and the point of 
detonation of the rovnu. 


(C) A secom! method was also use”. to determine fuze functioning time. 
This method utilized a puotomiltiplier tube and a single-sweep Ci. ie "tC RODEis 
The primary wincirg of en air-core transformer was inserted into th: i.svonstoxr 
circuit. The comjceticn ef the circuit (when the wire screen came in contact 
with the plate) allowed a current to flow in the primary winding of the trans- 
former. This current induced sufficient voltage into the secondary winding to 
trigger thy oscilloscope. Once the sweep of the scope trace had been triggered, 
the photormitiplier tube which was used as the sensing device had complete con- 
trol over the rise and fall of the signal trace. The photomultiplier tube 
"sensed' the intensity of light it viewed and this "sensing" was converted into 
a voltage signal which was relayed to the oscilloscope. The voltage signal re- 
layed was inversely proportional to the intensity of the light (4.e., an in- 
crease in intensity of light decreased the voltage, whicno in turn caused the 
trace to rise). The detonator flash was traced as a <escending line due to the 
fact that the flash reached its highest intensity almost immediately upon ini- 
tiation and from that point on it gradually decreased. Whenever the detonation 
of the round occurred, the sudden increase in the intensity of light caused the 
trace to rise sharpiy. A Polaroid camera was attached to the oscilloscope and 
the shutter was left open so that the film would record the sweep of the scope 
trace. After the sweep of the scope trave had been recorded the camera posi- 
tion was changed slightly and fifty microsecond calibration lines were put on 
the scope and a picture of these was taken. The camera was repositioned again 
and ten microsecond calibration lines were put on the scope and a picture of 
these was taken. Therefore 2ach Poleroid shot contained a picture of the sweep 
of the trace during functioning and calibration lines ten and fifty microseconds 
apart (see Figures 16 ari 17). 


(U) Both the 16-nmm smear camera and the photomultiplier tube were pos.- 
tioned so as to view the area from 3 to 6 inches from the plate. This was done 
so that the plate flash (if present) would not be confused with the functioning 
flash. 


(U) The method which utilized an oscilloscope and photomiltiplier tube 
is still somewhat in the experimental stage. One may note on the tabulation 
Uf results tha. in quite a few cases the functioning times were lost. This is 
due to the fact that minor changes were being continuous].y made on the equipment 
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during the test. In some cases these changes were detrimental and the results 
were lost. Anyone considering the results of fuze functicning times should 
consider the camera results to be more accurate than the electronic results. 
In any place in this report where times are mentioned they will be camera 
times unless they are specified as electronic times. 


(C) An 8-nu framing camera with a rate of 10,000 frames per second was 
used to observe the impact and detonation of each round. The information re- 
corded by this camera was used to determine any pertinent information about 
the flight of the round prior to impact and to observe any indication of nose 
functioning on impact. 


(C) As a means to determine snaii «locity, a 16-mm framing camer. 
with a rate of 4000 frames per secondo, wit ica to record tae flight of the 
spall. The camera was positioned so as to «iew a porvion of the line of 
flight of the spall but not the section of the plate where the spall was ini- 
tiated. I» s:fer to obtain a reference orn the film as to when the spall was 
initiated the foi.owing system was used. A break circe:: tragger was taped 
on the rear of the plate over the section where it was anticipated that the 
spall would be initiated. The trigger consisted of a piece of paper with a 
grid of silver, conductive paint on it. Two leads connected the trigger cir- 
cuit into the circuit of the timing light for the camera. While the camera 
was running but prior to the initiation of any spall, the trigger circuit 
shorted the timing light out so that no timing marks appeared on the film. 
When the plate bulged out as the spall was initiated, the trigger was broken 
and the timing light began to put timing marks on the film at 1-millisecond 
intervals. The spall ¢ off the plate and eventually into the field of 
view of the camera. Also located in the field of view of the camera was & 
reference background. During the O° plate firing the reference was a flat 
block cf concrete and during the 60° firing the reference was a small pile 
of celotex. Depending upon the obliquity of the plate, the spall would hit 
the concrete or pass through the celotex pile into the ground. After each 
round the distence that the spall traveled from the spalled area to the spot 
where it hit on the reference background was measured. Thus from the combi- 
nation of pictures of the spall impacting on the reference background, timing 
marks from the time the spall is initiate? end the distance from spall area 
to the point of impact on the reference backwround, the spall velocity can be 
accurately determined (see Appendix C-4 to U-9. Timing marks were cut off 
when film was trimmed). 


(C) The references mentioned in the ; ~ fous paragraph (concrete and 
celotex) were also very useful in the recove: of the spall. During the 0° 
obliquity firing the spall rebounded from the ‘ ncrete and could be found in 
the immediate area. During the 60° obliquity 1 :ing the celotex slowed the 
spell down and it also could be found in th i-mediate areca. 

3.2 (C) Results 


The results of this test are tabulatiu follows: 
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3.3 Remarks and Observations 


(Cc) The facial impressions of all rounds impacting at the 2600 fps 
velocity level with the plete eet at 0° obliquity were all the same as for 
tube rounds 6 and 7 which are show in Figures 1, 2, 3, and 4. Tube round 
6 contained a live fuze and round 7 was inert-fuzed. The diameter of the 
small circle in the center was from 3 to 3-3/4 inches. In most cases it was 
dished out to a depth of 1// inch. The surfaces of the smal! circles were 
fairly smooth except for tube round 7 in which case the edges were somewhat 
built up by a deposit of metal. From the edge of the small circles to a 
diameter of 7-1/4 to 8 inches the area was heavily "washed" and was very rough 
and uneven. The whole area of approximately eight inches in diameter was 
yellowish. At a radius of approximately sixteen to seventeen inches from the 
center of the emali circle there was a ring of fragmentation marks. This ring 
of fragmentation marks consisted of two distinctly different types of marks. 
One type was caused by the impact of copper fragments from the rotating band. 
These marks were copperish in color and had little or no depth. The other 
marks were caused by steel fragments and were gouged out to a depth of 1/8 to 
1/4 inch. One other noticeable feature of the ring of marks was the even dis- 
tribution of the two types in an almost alternating pattern. First there would 
be a copper mark, then a steel mark, then perhaps two copper marks, a steel 
mark, a copper mark, etc. The copper marks ranged from 1 to 2 inches in length 
while the steel marks were two to three times as long. Since tke facial im- 
pressions and functioning times of the inert-fuzed rounds and live-fuzed rounds 
are the same it can be seen that the fuze has no effect on the functioning of 
the round. The rounds are functioned high order due to tne high velocity of 
impact on the plete. It should be noted here that the type of functioning (high 
order cr low order) was determined by viewing the rpaotographs or impact and 
detonation of the round. A function was considered high order if the frame (or 
frames) in which the function occurred was completely blanked out by the func- 
tioning flash (see Figure 11, last frame). If the frame (or frames) in which 
functioning occurred was not completeiy blanked out (i.e., some of the back- 
ground or plate could be seen) the function was considered low order (see 
Figure 11, frames 4 through 7). 


(Cc) The facial impressione of tube rounds 47 and 48, which were inert- 
fuzed, consisted of small circles approximately three inches in diaieter. They 
were ye/lowish in color and had no depth. Round 47 functioned high order after 
an initial period of burning. Round 48 had the sume type of initial burning 
but did net function high order. 


(Cc) The facial. impression for round 69 is shcwn in Figure 5. This was 
the only round of ten fired under the same conditions (2600 fps; 60° obliquity 
plate), including two inert-fuzed rounds, which functioned in this manner. The 
facial impression is analogous to the facial impressions of rounds fired at the 
2600-fps velocity level at 0° plate. ‘he facial impression and the short func- 
tioning time indicate that this round was functioned from the nose on impact. 


The center impression measured 4-1/2 inches vertically and 3 inches horizontally. 


It was smooth and slightly dished out. The rest of the area, triangular in 
shape, was deeply gouged and washed, especially where the base impacted. 
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Tabe Round 6; Striking 


Velocity 2587 fps. O° Plate. Standorf 


View. 


Figure 3: 
Velocity 2530 fps. O° Plate. Standoff 
View. 


Tube Round 7; Striking 
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Figure 2: 


Tube Round 6; Strik- 


ing Velocity 2587 fps. O° iPY¥ate. 


Closeup View. 


Figure 4: 
ing Velocity 2530 fps. O° Plate. 
Closeup View. 
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Tube Round 7; Strik- 
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Figure 5: Facial Impression for Round 69. 


(C) After a complete study of the impact photographs and film of ihe 
functioning times it was seen that in many cases the rounds were starting to 
function low order from the nose prior to detonation from the base. Definite 
high-order functioning initiating from the nose was observed in some cases. 
Figure 6 illustrates the low-order type of nose functioning. The first three 


frames in Figure 6 show the round prior to impact. 


The fourth frame shows 


the round after it has impacted and started to crush up. The flash at the 


base of the plate is the detonators which have 
functioned during the time between the third and 
fourth frames. The arrow indicates the flash 
caused by the round starting to function from the 
nose. The following rrame shows the round start- 
ing to function from the base. The indication. of 
base functioning may not be readily discernible 
due to the difficulty in reproducing a photograph 
of this type. The origina’ negative and glossy 
prints show fire breaking out from around the 
rotating band and around the baseplate and fuze. 
The nose functioning hes grown so large that the 
round is almost entirely obscured. In the last 
frame shown the round has functioned high order. 


(C) The question may arise as to whether 
this flash which appears to be nose functioning 
is actually plate flash. Figure 7 shows a com- 
pletely inert round impacting on a 60° plate at 
a velocity of 2549 fps. The photographs were 
taken against a very dark background so that any 
flash is readily apparent. The round is not vis- 
ible due to the dark background. Ir the first 
frame the round has not impacted. in the second 
frame the detonator flash (arrows point to deton- 
ator flashes in all frames) indicates that the 
round has impacted ou the plate. The first indi- 
cation of plate flash appears in the fourth frame 
(plate flash is circled in frames 4 through 7). 
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Figure 6: Tube Hound &; 
Striking Velecity 2574 fps. 
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In Figure 6 the flash at the nose appears in 
the same frame as the detonator flash, whereas 
in Figure 7 the plate flash does not appear 
until the second frame after the detonator 
flash and is very small. In Figure 7 the can- 
era was focused on some of the face of the 
plate whereas in Figure 6 the camera was fc- 
cused directly across the face cf the plate. 

A comparison of Figures 6 and 7 shows that the 
flashes do not occur at the same time and that 
the plate flash is not as large as the nose 
functioning flash. 


(c) Figure 8 is a print of the smear 
film from which the fuze-functioning time of 
tube round 82 was computed. Point 1 is the 
detonator Ylash, point 2 is the beginning of 
functioning, and point 3 is the main function. 
The dots running along the top of the print 
are timing marks which are 1/10 millisecond 
apart. If zero time is established where the 
flash of the detonator starts (indicating that 
the nose of the round has touched the plate), 
the time until the initial function or nose 
function occurs is 83 microseconds. The time 
from impact until the main function occurs 
is 266 microseconds (correction factors applied 
on all readings). This means that for a period 
of 183 microseconds some of the expiosive on 
the face of the plate is being consumed. 


(C) Figure 9 is the smear film for 
the inert round (shown in Figure 7) which im- 
pacted on the 60° piate. Yhe detonator flash 


is shown at point 1 and the start of the plate Figure 7: Striking Vel- 
flash is shown at point 2. The time from im- ocity 2549 fps. Photograph 
pact until the plate flash is recorded is 1861 Taken During Another Test of 
microseconds. This time is 53 microseconds 90-mm, T142E3, HEP Shell (Ref- 


longer than the average time of nose functioning erence 3). 

for seven live-loaded rounds fired under the 

same conditions (see Table II). One other 

fact that should be noted is that of six inert 

rounds fired at velocities of 1700, 2600, and 

3000 fps at O° and 60° plate, the round shown in Figures 7 and % was the only 
one for which any plate flesh was recorded on the smear camera. On all the 
other rounds the plate flash was not large enough to be recorded. 


(C) Tne nose function appears to be low order and is probably caused 
by small pieces of explosive which are compressed between parts of the shell 
wall and the face of the plate, as indicated in Figure 10. The nose functioning 
may be very small to start with but it can advance to a high-order detonation, 
as is evidenced by Figure li, which shows the impact of tube round 47 which was 
{nert-fuzed. The initial function started 264 microseconds after impact and 
ae function occurred at 752 microseconds after impact (see Appendix 
C-1). 

sd 
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Figure 8: Smear Film for Tube Rouid 82. 


Figure 9: Smear Film of Inert Round; 60° Plate Obliquity, Striking 
Velocity 254 fps (Reference 3). 


Kxplcsive inside shell \ 


Figure 10. 
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(Cc) Tube round 4 also contained an inert fuze and was fired under the 
same conditions as tube round 47. This round did not function high order. 
The initial function in this case started at 194 microseconds aller siipe rd 
and the complete function was a burning type of function. 


(C) Further evidence that the nose functioning is not plate flash is 
seen in Figure 12 which shows a completely inert shell impecsing the plate at 
1681 fps. The plate is slightly bowed due to previous impacts but there is 
no evidence of any plate flash. 


Figure 11: ‘Tube Round 47; Figure l2: Inert Round, 
Striking Velocity 1623 fps. Inert- Striking Velocity 1601 fps. 
Fuzed. 
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(C) Figures 13 and 14 show a typical 
base function that occurs without any initial 
nose function. The fifth frame in Figure 13 
shows the round with fire breaking out from 
around the rotating band. There is no indica- 
tion of any flash around the nose. This is 
also shown on the fuze-functioning time film 
(Figure 15) which indicates that the function 
starts from a very small point and quickly 
spreads out. 


(C) Definite high-order nose initiation 
was observed for all rounds which were fired at 
@ velocity level of 2600 fps with the plate set 
at Of. Figeres 12 and 13 show typical impact 
and functioning time photographs for one of 
these roun’*. In one case, a round was nose 
initiated when fired at 60° plate at the 2600 
fps velocity level. Also in one casu, an 
inert-fuzed round (tube round 80) was nose- 
initiated when fired at 60° plate at the 1000 
fps velocity level. The nose initiatioz of an 
inert-fuzed round fired at 60° plate at a ve- 
locity level of 1000 fps is a very uncommon 
occurrence. The functioning time of 738 micro- 
seconds indicates that the round was crushed 
up 7 to 8 inches when the functioning occurred. 
One possible explanation for this detonation 
is as follows. During a previous test an inert 
round, which was fired at a striking velocity of 
1000 fps at 60° plate, was recovered (see photo- 
@raph in Appendix C-10). Various other rounds 
fired under the same conditions were also lying 
in the general area. The recovered round and 
X-rays of the rounds crushing up all indicate 
that at this velocity end plate obliquity the 
round splits open along the bottom and is some- 
what deformed. In the particular detonation 


Figure 13: Tube Round 
5); Striking Velocity 984 
fps. 


Figere 14: Functioning Time Film; Tube Round 54. 
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that occurred during this test, the round 
probably crushed in the same manner as the 
recovered round. However, since the round 
remains fairly well intact during crush-up 
the explosive is compressed to a great degree. 
Since the explosive is press-loaded to 8000 
pei during initial loading of the shell the 
edditional amount of compression during crush- 
up may be enough to cause the explosive to 
detonate. Tube round 79 was fired under the 
same conditions as tube round 80. This round 
did not detonate and it may be due to the 

fact that the round might have broken up more 
than tube round 80, thus relieving some of 
the pressure on the explosive. 


(C) The inert-fuzed rounds fired at 
the 1700 fps level at 60° plate did not deto- 
nate. This is probably due to the fact that 
they are broken up a great deal more than 
the lower velocity rounds. 


(C) Table II summarizes the func- 
tioning times for all the rounds that either 
indicated some type of nose functioning or 
were nose-initiated high order. 


Figure 15: Tube Round 60; 
Striking Velocity 2566 fps. 


Figure 16: Tube Round 60; Functioning Time 47 Microseconds. 
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Table II. Functioning Time 


Functioning Time, microseconds 
Tube Striking First Indication Main Function 
Round Velocity, of Functioning (High Order ) 
No. fps Camera Electronic Camera Electronic Remarks 


O° Plate Obliquity 


5 SoC . 53. Lost 
6 Assumed rm 
2587 = = 5 100 

a4 2530 - - 54 Lost Inert-fuzed. 

8 2597 - - 53 80 Inert -fuzed. 

lyjel 2h9 - 408 412 
10 1662 259 3 402 419 
1. 1647 2h3 - 397 Lost 
5 1609 2h1 ahh 348 357 
46 1636 205 205 361 364 
47 1656 204 205 7152 Lost Inert-fuzed. 
48 1667 194 179 ~ - Inert-fuzed, did not 

function HO. 
Assumed 
4g 2572 - - ie) 56 
50 gos 3 “ Lost 54 
Si | *Beao . - Lost 52 
60 2566 - - 47 65 
60° Plate Obliquity 
68 2576 3 103 277 Lost 
69 2580 - - 4g 65 
70 2584 129 139 259 292 
72 2589 523 = 1098 Lost Inert-fuzed. 
73 2632 178 - - - Inert-fuzed, did not 
function HO. 

80 984 - - 738 Lost Inert -fuzed. 
81 2601 131 120 266 287 
82 2626 83 2 266 Lost 
83 2620 Thu 206 258 260 
84 26 34 120 174 257 264 


(C) Table III correlates the average results of this test with "“crush- 
up" (Reference 1). The functioning times used are the average camera times. 
Ine-.-fluzed rounds were not considered. All valuec are average values. 
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Table III. Results Correlated with Crush-Up 


0° Plate 60° Plate 
Velocity Levels Velocity Levels 
1000 1700 2600 1000 1700 2600 


First Indication of Functioning 


Number of rounds considered z 5 - - - 6 
Time, microseconds - 239 - - - 120 
Crush-up distance for first furction, 

inches - 4.8 - - - 3.7 


Main Function 


Number of rounds considered 5 5 4 5 5 i 
Time, microseconds 297 383 51 372 298 ~=«_- 261 
Crush-up distance for main function, 

inches 3.5 Tat 1.75 kV 5.8 8.0 


S Ener Main S mg 


Number of rounds considered 3 4 - - 5 4 
Average energy (ft-lb) 19,400 42,200 - - 16,300 14,000 
Spall Producing Rounds 5 5 5 

Total Rounds 16 f 5 Te 15 f 5 tra 


®Qne round not considered due to unfair hit above brace. 


(C) Table III indicates the following facts: 


a. Even though good spalling was observed at the 1000-fps velocity 
level against 0° plate, the functioning time was too short. The 
effect of the short crusn-up distance is shown in Figures 17 and 
18. These figures show that a great deal of weight is being lef+ 
on the plate in the form of hinged edges (hinges are outlined in 
chalk). It appears that the explosive is spread out but not in 
a sufficient quantity e.d the hinged edges are the resuit. This 
condition occurred on three out of six rounds fired at this ve- 
locity level. 


b. Although there was low-order nove functioning present at the J] /00 
fps velocity level against O° pate, the spall energy is vastly 
superior to any of the other conditions of velocity level ani 
plate obliquity. 
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Figure 17: Spall Areas. Note Figure 18: Spall Areas. Note Chalk 
Chalk Marks which Denote Point of Marks which Denote Point of Hinge. Viewed 
Hinge. Head-on View. from Side. 


c. At a velocity level of 2600 fps against O° plate and a velocity level 
of 1000 fps against 60° plate the round is useless. At the 0° con- 
dition the round is nose initiated high order due to the velocity 
of impact. At the 60° condition the functioning time is too short. 
The recovered round (Appendix C-10) showed that after crushing up 
and sliding off the plate there was only a small section of the round 
which was split open. At only 4.1 inches of crush-up the amount of 
explosive in contact with the plate is not sufficient to impart enough 
energy to cause spalling. Eve. if the functioning time were extended 
to allow more crush-up the spall production might still be poor due 
to the crush-up characteristics of the round at this velocity level 
and plate obliquity. 


d. At a velocity level of 1700 fps against 60° plate the spall produc- 
tion was good but the spal? energy was low. The round functions at 
almost the optimum crush-up distance of 6 inches. However, if the 
functioning time were increased so that the round would function «at 
from 6-1/2 to 7-1/2 inches of crusk-up the spall energy might be -n- 
creased. 


e. At a velocity level of 2600 fps against 60° plate the spall produ::tion 
was fair but the spall energy was low. It appears that the functioning 
time is slightiy toc long. Also the low-order nose functioning may 
have a detrimental effect cn the spall energy. 
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(C) Photogrephs of the flight of the spall (see Appendix C-4 to C-9) 
show that the spall tumbles a great deal after leaving the plate. It also 
appears that mich more secondary spall is produced when firing at O° plate 
then when firing at 60° plate. During the 0° firing the distance from the 
spalled area to the impact points on the coucrete varied between 18 and 19 
feet. Therefore the average spall velocity was calculated for a point be- 
tween 9 and 9-1/2 feet from the rear of the plate. During the 60° firing 
the distance from the spalled area to the impact points on the celotex varied 
fron 5 to 9 feet. Therefore the average spall velocity was calculated for a 
poiat between 2-1/2 and 4-1/2 feet from the rear of the plate. Appendix C-3 
also contains pictures of the Spalled area of the plete used during this test. 


(c) Figures 19 and 20 are examples of the fuze functioning time as 
pictured on ar oscilloscope. Along with giving the functioning time, these 
Pictures also give an indication of the type of functioning (high order, low 
order, etc.). On Figure 19, point 1 shows the first indication of functioning 
when the trace starts tc rise. ‘The trace starts to rise slowly and then at 
point 2 the trace rises almost vertically. The slow rise indicates a low-order 
type functioning while the almost vertical rise indicates a high-order func- 
tioning. Figure 20 shows a typical high-order function. The electronic method 
has the advantage of giving results immediately after the round has been fired. 
The camera results are more accurate but developing the film requires a certain 
amount of time. In further testing of this type it would be advisable to use 
both methods. This will allow a double-check and also make provisions in case 
one method fails, as occurred during this test when the camera method failed 
on three rounds. 


Figure 19: Tube Round 84; Figure 20: Tube Round 64; Striking 
Striking Velocity 2582 fps, 60° Velocity 1642 fps, 60° Plate. Functioning 
Plate. Time to First Indicatior of Time -322 Microseconds. 

Functioning - 174 Microseconds; 
Main Function - 264 Microseconds. 
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(U) It will be noticed that the results of this test contain some 
assumed velocities. These velocities were assumed in the following manner. 
At each velocity level when a velocity was lost, a curve of velocity vs 
preseure of the other rounds at this level was drawn. On all the rounds when 
the velocities were lost pressure data had been obtained. By plotting these 
pressures on the pressure velocity curves a good approximation of velocity 
was obtained. 


(C) In the near future a test similar to this test will be conducted 
using 90-mm, T142E3, HEP shell containing an inert nose pai. A new fuze, the 
BD, T303El1 fuze, will also be used in this future test. It is hoped that the 
inert nose pad will stop the high-order nose initiation which has been experi- 
enced at high velocities against O° plate. The results of this future test 
will be compared with the results of the present test to determine if any 
improvement is made in the fuze-functioning time and spall characteristics. 


4. (C) CONCLUSIONS 


The T142E3, HEP sheJ.1, comp A3-loaded and fuzed with a BD, MQ1Al fuze 
is ineffective at velocity levels of 2600 fps against 0° plate and 1000 fps 
against 60° plate. 


The T142E3, HEP shell, comp A3-loaded and fuzed with a BD, MQ1Al fuze 
is most effective when fired at a velocity level of 1700 fps against 0° plate. 


5. (C) RECOMMENDATION 


It is recommended that development of the T142E3, HEP shell be contimed 
in order to make it effective when fired at velocity levels of 2600 fps or 
higher against a plate obliquity of 0°. 
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APPENDIX A 
Directive Corvresvondence 


eR, oo ans Nanay iv, I, Clifford/ers/2269 
Cit... cee ly ORS 
Picatiunv Arsenal Wiety \” AW 
35 er iat oS. i t de) x Dover ; N, a. 


SUBUUCu: Amendment of Test Prograa Nequest T=10 (UVES pil. we i 


TO; Conmandins Genorsl 7 
Aberdeen #roving Ground Oa | a 
Abordecn, suryluni poo 
AD? Q0DO: wie Gt. Glordano 


1. irings conductcd at your proving ground under the subject 8 
TPR have produced ths followin: rerulte, to date: 


a, Satisfactory Xeray photographs of 90aa T1123 HuP Shell, inert 
loaded w/inert fuzos, impacting: on plate targets at epprox. velocities of 
1000, 1700 and 2600 «Ys with cruch-up distances of approx, 2,/+,6,8, and 
10 inchee have been mide, 


be It has vroven inpracticnl to produce X-ray pictures of live 
loaded and live fused 9010s: 2 Shell on target dumact due to the resulting 
high velocity shell fragnonts destroying the 4=ray equipment. 


3. In view of the above facts 1t has become necerrary toanend and 
clarify further work to be conducted under the subject {Pt as follows! 


a. funds are available under Sub-Project Order No. 70405530= 
01-10201 and Job Order sion, 5059—93-901. 


b. Fire sufficient 90ma, 72/243 HuP Shell aycinat 4" thick 
homogeneous armor, havin a Charpy dimct value of 35 to 50 #t, Lpbe, at 
=o, vat at 60° obliquity and approx, 200 ft, rane from the 90mn Gun 
1119 or iVil, to produce 4 cloar \eray pictures of 4 euch of the following 
shell crucheup dietinces on dupact; 2", 7", 6", 8" at the following 
mizele velocitier; 1000, 1700, and 2600 «Ps, Totnl 4 Xeray photorraphs. 
For clarity this test ehoala be revepr-d to ap “Yurt 2, Vast 1", 

One hundred 90m, Y1I42 3 U2 oholl, inert loacec with inert fugzes for use 
in the above teat are scheauuleu for ehinuent, srom thie arsenal, to your 
Provin, Ground the we'k of 5 -a,jaet 1957. 


co. ‘he followiny three lots of live loaded und live fuzed shell 
with dnert nose pads, now at your lroving; Grounu, should have the live 
fuzos renoved and have inert H191A1 “uzoG nareanbled thereto and be fired 
ayninst 4" thick, 60° obliquity plate at <v00 ¢Ps velocity. 411 possible 
heray ohotographe <f 2", 4", 6" und 8" ocrurheup should ve obtained. 


REGRADING PATA CANNOT BRE Ucbre cE ou INED 
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OH. Be? 5 
SUiJ 523; Amendment of Lest Progra Kequest t4-10 (U) 

(1) 7 Shell, HeP, 90un, 114243 Comp A3 Loaded, Lot 
Phew ie ?!1106, 


(2) 14 Shell, HuP, 900 T1243, 75/25 Uctol Loaded, 
Lot PAw.=?1587. 


(3) 7 Shell, 4, 90am 214223 Com B Loaded, Lot PAL 
21584. 


Inert fuzes and fuze mae checks will be supolied by this Arsenal for the 
above modification. sor clarity thie phase ehould be referred to as 
"Part 2) Vest 2", 


3. At the conclusion of Part 2 Taste 1& 2, as outlined above, 
Part 3 outlined below should be fired: 


a, “Lire suffictent, 90mm T1423, Live londed and live fuzed 
shell, (sugzest 5 ench conuition min.) against plate targets and record 
time of fuze functioning. ‘Larget chould be 4" thick homogeneous armor, 
Charpy Impact value of 35 to 50 st. Lbs. at -40°%%, 


Tarvet Obliouity Velocity Nig, Kde. 

a? 1000 FPS 5 approx. 
0° 1700 “PS " 
0° 2600 #PS " 
60° 1000 .PS : 
60° 1700 “PS " 
60° 2600 ¥PS i" 

Record aise of facial imoreseion anv eize, weieht and velocity of spzll. 


bv. 
between tha 
In previous 
rocordin:, 


ruse functionin,: tins chould be mensured os the time interval 
shall touchiny: the tarvet and inittation of the detonation, 
tests, stresk cauerae hive been cuccesrfully usad for this type 


4, The tineof fuze functioning will te used in conjuction with 
gruch=up Xerays, fron Part 1 and 2, in orser to deteruine ths shell cone 
Viyuration at tiie of fuse Lunctlonin,.. It Le plounn-u to utilize tnoies 
datn to derijin Ha? shell aetul parts with will produce more optima 
Crush-up shapes at tine ol Cetonition, Lheee exnerdusntel shell will be 
tested ror crusheuy and fuse Functionin;: followin,: the procedure currently 
An ucefor the 90.1 215215 tent vehicle, 


HOR Gils coms Al ct; 


cc 
Ov0 Oile “ 
Vanberlain Corp, 100 Jildrod <t, 
We has I : Ad a2 ir. lL. ] ere lie, ,? 
apa’ Goastroflet's Ortice” endhiieciaiea 
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APPENDIX B 
Firing Record 


DEVELOPMENT AND PROOF SERVICES 
ABERDEEN PROVING GROUND, MARYLAND 


FIRING RECORD 
Investigation of Functioning and Firing Record No.: P-64115 
Spaliing Characteristics of the Dates of Test: 23 October to 
90-mm, T142E3, HEP Shell, Comp A3- 25 November 1958 
Loaded, and Fuzed with BD, MO1AL Authority: ORDBB-TE5/TE-10 Amend 1 


Fuzes (U) 


Project No.: TW-426 
Development Test 


Related Firing Record: P-62943 W. 0. No. 332-236-57 vl 
ITEM UNDER TEST (U) 

The item under test was the standard 90-mm, T142E3, HEP shell, Comp A3- 

loaded and fuzed with a M91Ai » BD fuze. 
SUPPORTING FACILITIES AN) MATERIALS 

Ammunition Components (U) 

Projectile: Shell, HEP, 90-mm, T1423, comp A3-loaded, Lot PA-SR-11. 

Propellant: MP, Ml, Lot 11108, web 0.0290 inch. 


MP, Ml, Lot 35954, web 0.0238 inch. 
MP, ML, Lot 33055, web 0.9211 inch. 


Primer >: T70, 300 grains, Lot KOP-49-1. 
Case : 9O-mm, T24Bl, Lot NOR-11-5. 
Fuze : BD, MQ1AL, Lot PA-457-8. 
BD, MOLAl, iner’ oaded, Lot PA-B-X2500h. 
Weapon (U) 
Gun: QC-mm, T139, No. 10140. 


Tube : Q-mm, 1139, No. 45559. 
Recoil: 155-mm, No. 2682. 
Mount : Gun Motor Carriage, MUO. 
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Armor Plate (C) 


Kind : Rolled homogeneous. 

No. : O147611-A and 0147611-41. 
Size : 4 by 72 by 72 inches. 
Average Bhn : 266 


Charpy Value: 38 to 4O at -LOOF. 
Ladle Analysis, % 
CoM P S St M Cr mM 


0.28 0.25 0.010 0.025 0.26 3.57 1.51 0.43 


Used with tube rounds 5 through 11, 45 through 60, and 74 through 84. 


and. > Rolled homogeneous. 
: 080839A2. 
Size : 4 by 72 by 72 inches. 


Average Bhn : 275. 
Charpy Value: 43 to 45 at -40°F. 


Ladle Analysis, % 
Cc Me P S$ $i NE Cr Mo 
0.28 Ow2h 0.010 0.025 0.26 3«57 es Sil. 0.43 
Used with tube rounds 60 through 73. 
Instrumentation (U) 


Velocity Measurement: 


Velocities were measured by the use of thirty-inch solenoid coils and 
a counter chronograph. 


Pressure Measurement: 


Pressures were measured by using two medium caliber M3 gauges placed in 
the base of each case. 


Cameras : ¢ 
A 16-am smear camera was used to record the fuze-functioning time. 


An 8-mm framing camera with a framing rate of 10,000 frames per second 
was used to record the projectile impact. 


A 16-mm framing camera with a framing rate of 4000 frames per second was 
used to record the flight of the spall. 
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Notes: 


1. On tube round 81, the round impacted above a 12- by 12-inch brace. 
The spall started to come off the Plate bit was held back by the edge of 
the brace. 


2. This round functioned from the nose. The following sketch shows 
the facial impression. 


The diameter of the small 
circle in the center was 
from 3 to 3-3/4 inches. 

It was "dished" out to a 
depth of 1/4 inch. The 
surface of the small 

circle was fairly smooth. 
From the edge of the small 
circle to a diameter of 
7-1/4 to 8 inches the area 
was "washed" and was very 
rough and uneven. The 
whole area of approximately 
8 inches in diameter wus 
yellowish in color. Ata 
radius of approximately 16 
to 17 inches from the center 
of the small circle there 
was @ ring of fragmentation 
marks. The ring of frag- 
mentation or "pock." marks 
consisted of two distinctly 
different types of marks. One type of mark was caused by the impact of copper 
' fragments from the rotating band. These marks were copper colored and had 
very little if any depth to them. ‘The other marks were ceused by steel frag- 
ments and were gouged out to a depth of about one-eighth of an inch. One 
other noticeable feature of this ring of pock marks was the fact that the two 
types of marking were distributed in an alternating pattern. First there 
would be a copper mark, a steel mark, perhaps two copper marks, » steel merk, 
& copper mark, etc. The copper marks ranged from 1 to 2 inches in length 
while the steel marks were 2 to 3 times as long as the copper marks. 


3. The facial impression on this round consisted of a small circle ap- 
proximate).y three inches in diameter which was yellowish in color. There was 
no depth to this impression. Both rounds functioned at what appeared to be 
burning type of functioning which eventually went high order. 


4. The facial impression for this round 4s shown in the following 
sketch. 
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The dimensions 0% the oval were: 
vertical -1/2 inches and horizontal 3 
inches. The oval was dished out 
slightly and was quite smooth. The 
rest of the area was heavily washed 
and gouged especially when the base 
impacted against the armor. 


5. ‘The fuze functioning times as determined by the electronic method 
are not as accurate as the times which were determined by the camera method 
@ue to the fact that the electronic method is still in the experimental stages. 


6. The following propelling charges were used durin, this test: 


Eighty ounce: of Lot 11108 for all rounds fired at the 2600 fps 
velocity level. 


Thirty-six ounces of Lot 35954 for all rounds fired at the 1700 fps 
velocity level. 


Thirteen and three-quarter ounces of Lot 33055 for all rounds fired 
at the 1000 ?’ps velocity level. 
This firing record forms # part of the Fourth Report on Ordnance Project 
No. TW-l26. 
SUDMITTIED : 


Porn enh 


LAURENCE R. NEALLEY 
Test Director 


REVIEWED : APPROVED: 
, 
eat py a Auf, 2 
H. B. ANDERSON QD ¥y. a. BECHAOL 
Chiet, Artillery vw «vel, artillery Division 


Ammunition Branch 
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Impact Photos of Tube Pound 46 (ieft), Striking Velocity 1667 fps; Tube 
64 (Center), Striking Velocity 1607 fps; ana Tube Round 75 (Right), Striking 
Velocity 981 fps. 
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nt for Tube Round 46, Striking 


Impact Photo and Fuze-Functioning Time Fri 
Functioning 205 Microseconds ; 


Velocity 1636 fps; Time to First Indication of 
Main Function 361 Microseconds. 


Striking 


t for Tube Round 47, Inert-Fuzed, O° Plate; 
tioning 204 Microseconds; Main 


Fuze-Functioning Time Frin 
Velocity 1623 fps; Time to First Indication of Func 


Function 752 Microseconds. 
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Dotted Line in Lower Right Photo 
d Spall from Coming Off the 


Spall Areas of Plates Used During Test. 
Indicates Where Edge of 12- by 12-Inch Brace Stoppe 


Plate. 
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Flight o° Spall which as Initiated vy Tube Round 46. Plate Obliquity 0°; 
Round Striking Velocity 1636 fps; Spall Velocity 604 fps; Spall Weight 7.20 lb, 
Spall Energy 40,600 ft-lb. Note the Flight of Secondary Spall and Impect of 
Secondary and Major Spall Against Concrete Block. 
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Flight of Spall which was Initiated by Tube Round 45. Plate Obliquity 09; 
Round Striking Velocity 1609 fps; Spall Velocity 5.63 fps; Spall Weight 7.62 1b; 
Spall Energy 36,300 ft-lb. Note the Flight of Secondary Spall and Impact of 
Secondary and Major Spall Against Concrete Block. 
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Flight of Spall. which was Initiaved by Tube Round Su. Plate Obliquity 0°; 
Round Striking Velocity 984 fps; Spall Velocity 567 fps; Spall Weight 3.84 1b; 
Spall Energy 19,200 ft-lb. Note that the Amount of Secondary Spell is Consider- 
ably Less than in the Two Frevious Cases. 
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Flight of Spall which was Initiated by Tube Round 83. Plate aaa ae oO ; 

Round Striking Velocity 2568 fps; Spall Velocity 3le fps; Spall Weight 9. ¥ 
Spall Energy 13,800 ft-lb. 
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Flight of Spall which was Init € 
. lated . 
Striking Velocity 257k fps, “ Tube Round 62. Plate Obliquity 60°; 
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Flight of Spall which was Initiated by tube Rovud 71. Plate Obliquity 60°; 
Round Striking Velocity 2603 fps; Spal “ciocitvy 559 fps; Spall Weight 8.66 1b; 
£ pall Energy 15,200 ft-lb. 
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B27865: X-Ray Photograph of T42E3, HEP Shell. Recovered Round, Tube Round 
172, Striking Velocity 1000 fps at 60°. 
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